We investigate the crystallographic orientation and strain states of the Ni/Ag ohmic contacts on p-type GaN. The Ag film in the Ni/Ag contact was severely agglomerated during high temperature annealing in air ambient. As a results, after annealing for 24 h, the Ni/Ag contact shows non-linear I-V curve and low light reflectance of ∼21% at 460 nm wavelength.
) and high reflectance (＞80%) could be obtained using various Ag-based ohmic contacts [2] [3] [4] [5] [6] [7] . Although the thermal stability of the Ag-based contacts can be improved by using contact layers and/or overlayers of refractory metals [2, 5, 7] , and Ag alloy-based contact [6] , it is still not enough for ∼105 hours of device operation, because Ag films have poor adhesion to the substrate and easily agglomerate at elevated temperatures in air ambient. However, the microstructural evolutions of Ag-based ohmic contact by Ag agglomeration have not been investigated yet.
In this letter, we investigate the microstructural evolution of the Ni/Ag ohmic contacts to p-type GaN as a function of annealing time using high-resolution x-ray diffraction (HRXRD). As the annealing time increases, the Ni/Ag contact was severely agglomerated, resulting in the increase of contact resistivity and decrease of light reflectance. Combining the microstructural analysis with experimental data of surface morphology, contact resistivity, and light reflectance, the origin of the Ag agglomeration of Ag-based reflective Ohmic contact was investigated. 
II. Experiments
Mg-doped p-type GaN films used in this work were grown on (0001) sapphire substrate by metal organic chemical vapor deposition (MOCVD) [8] . Details on the wafer are described in previous works [2] . For measurements of specific contact resistivity using the transmission line method (TLM), active regions were defined by inductively coupled plasma of Cl2/BCl3 gas, followed by dipping samples into a boiling aqua regia solution of HCl：HNO3 (3：1) to remove surface oxides [9] . Figure 1 However, as the annealing time increases, the contact resistivity of the contact was significantly increased, and the contact exhibits a nonlinear I-V behavior after annealing for 240 min.
SRPES measurements were carried out to investigate the ohmic formation mechanism of the contacts. Fig. 3 shows the SRPES spectra of (a) Ga3d and (b)
N1s core levels before and after annealing. The Ga3d peaks were deconvoluted into three bonds, corresponding to Ga-O, Ga-N, and metallic Ga bonds, Fig. 3(c) .
The light reflectance spectra and the changes in the light reflectance at 460 nm wavelength for the Ni/Ag contact as a function of annealing time were shown in Fig. 4(a) and (b) . The light reflectance of 70% was measured after annealing for 1 min, but it was rapidly degraded with annealing time. Finally, after annealing for 24 hrs, the light reflectance was decreased to 21%. Fig. 6(a) , because the Ag film is epitaxially grown on p-type GaN with thin Ni contact layer [2] . The inset shows the enlarged Ag (111) peaks to clearly show the peak shift with annealing time. As the annealing time increases, the peak intensity was gradually increased and the full-width at half-maximum (FWHM) was decreased.
Moreover, the Ag (111) peaks were moved toward lower diffraction angle with annealing time.
The interplanar spacing, d, can be evaluated from the 2θ positions in the θ-2θ scans of the Ni/Ag contact as shown in Fig. 6(b) . After annealing for 1 min, the Ni/Ag contact shows shorter d spacing than bulk Ag (2.359 Å) [11] , meaning that Ag film is under in-plane tensile strain. However, d spacing was drastically increased with annealing time, and the Ni/ Ag contact shows almost same d-spacing compared to bulk Ag after annealing for 24 hrs. These results indicate that the tensile strain in Ag film was [12] . For the Ni/Ag contact, the Ag film is epitaxially grown on p-type GaN with (111) orientation. Thus, the surface diffusion of Ag atoms to reduce the surface energy could be reduced. However, the thermal compressive stress generated during annealing due to the difference in coefficient of thermal expansion between film and substrate is another driving force for the Ag agglomeration [14] . The Ag film in 
